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METHOD FOR DETERMINING THE MASS MOMENT OF INERTIA OF 
AN ELECTRIC MOTOR DRIVE SYSTEM 

[0001] Applicants claim, under 35 U.S.C. §119, the benefit of priority of the filing date of 

August 8, 2002 of a German patent application, copy attached, Serial Number 102 36 

847.3, filed on the aforementioned date, the entire contents of which is incorporated 

herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a method for determining the mass moment of 
inertia of an electric motor drive system of a machine, in particular a machine tool, which 
includes a drive motor and further drive elements arranged downstream of the drive 
motor. 

Discussion of Related Art 

[0003] For assessing the dynamic machine layout, the ratio of the mass moment of inertia 
of the motor (which is related in a strict sense to the drive motor, i.e. its rotor, and which, 
in connection with a rotary drive mechanism, is equal to the mass moment of inertia of 
the rotor) to the mass moment of inertia of the load (which relates to the remaining 
components of the electric motor drive, for example a clutch, a ballscrew, further gear 
elements, a table which can be moved by the drive mechanism, etc.) must be known. The 
mass moment of inertia of the motor and the mass moment of inertia of the load must 
have a defined relationship to each other in order to achieve a high quality of the control 
of the electric motor drive mechanism. 
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[0004] The quotient of mass moment of inertia of the motor and mass moment of inertia 
of the load is a definitive quantity forjudging the control capability, as well as the control 
quality of an electric motor drive system. If the quotient lies outside the range wherein it 
allows a high-quality control, steps for further optimizing the control often do not bring 
the desired success. 

[0005] Moreover, from the (total) mass moment of inertia of the drive system, i.e. the 
sum of the mass moment of inertia of the motor and the mass moment of inertia of the 
load, and taking into consideration the maximum current for the drive motor, it is also 
possible to calculate the maximally achievable acceleration. Customarily a value between 
1 and 2 is desired for the quotient of the mass moment of inertia of the motor and the 
mass moment of inertia of the load. As a rule, this is already being taken into 
consideration in the course of producing a machine, for example a machine tool, by the 
manufacturer. However, subsequent changes in marginal values such as, for example, a 
later change of a component of the machine, lead to changes of the quotient, so that it can 
assume a value outside of the desired range. After changes in a machine have been made, 
this can in turn lead to having to use a different drive motor in order to make the control 
of the drive mechanism possible with sufficient quality. 

[0006] Since in the strict sense the value of the mass moment of inertia of the drive motor 
is known as a rule and represents a constant quantity (provided no changes were made in 
the drive motor itself), it is sufficient to determine the mass moment of inertia of the 
electric motor drive mechanism as a whole. If the mass moment of inertia of the motor is 
subtracted therefrom, the result is the mass moment of inertia of the load, which in turn 
allows the calculation of the actual value of the quotient of the mass moment of inertia of 



the motor and the mass moment of inertia of the load. 

[0007] A determination system for a control constant of an electric motor used for driving 
a machine tool is described in EP 0 827 265 Bl for determining control constants by 
which it is possible, inter alia, to determine the mass moment of inertia. In this case an 
iterative method is employed, which is based on a correction model and the inclusion of 
control deviations in the course of controlling the motor. However, an iterative method 
always has the disadvantage that it is limited with respect to its accuracy, and 
furthermore, because of its proneness to errors, it does not necessarily lead to an optimal 
result for all operational states. Note that EP 0 827 265 Bl corresponds to U.S. Patent 
No. 6,037,736, the entire contents of which are incorporated herein by reference. 
OBJECT AND SUMMARY OF THE INVENTION 
[0008] It is therefore an object of the present invention to make available a novel, 
improved method for determining the mass moment of inertia of an electric motor drive 
system for a machine, in particular a machine tool. 

[0009] In accordance with the present invention, this object is attained by a method for 
determining the mass moment of inertia of an electric motor drive system of a machine, 
having a drive motor and further drive elements arranged downstream of the drive motor. 
The method includes a) determining a compensation current, which compensates losses 
occurring at a constant speed of the motor, so that a motor speed of the drive motor 
remains constant and b) determining an acceleration current, which generates a defined 
acceleration of the drive motor when the losses occurring at the constant speed of the 
drive motor are compensated. The method further entails c) calculating a mass moment 
of inertia of the electric motor drive system based on the determined acceleration current. 
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[0010] Accordingly, first a compensation current of the drive system is determined, 
which compensates losses occurring at constant motor speed, and this in such a way that 
at constant motor speed no further current demand exists in addition to the compensation 
current. Thereafter the acceleration current is determined, which generates a defined 
(constant) motor acceleration when losses occurring at constant motor speed have been 
compensated. Finally, the mass moment of inertia is calculated from this acceleration 
current. 

[0011] An analytical method for determining the mass moment of inertia of an electric 
motor drive mechanism is made available by the method of the present invention, with 
which the mass moment of inertia is determined from the acceleration current which 
generates a defined number of revolutions of the motor when the losses occurring at 
constant motor speed (motor rpm) are compensated. This means that the acceleration 
current is a current which exclusively causes the acceleration of the motor. Those 
portions of the current which are used for compensating losses at constant motor speed, in 
particular losses due to friction and magnetic reversal, are considered as compensation 
current separate from the acceleration current. 

[0012] Thus, the prior determination of the compensation current required for operating 
the drive mechanism at constant motor speed is a prerequisite for calculating the mass 
moment of inertia from the acceleration current. The compensation current is determined 
in that the drive mechanism is operated at at least two different motor speeds, which are 
constant during a predetermined length of time and preferably have the same value, but 
opposite signs. The compensation current which is required for maintaining the motor 
speed constant at a predetermined value can be determined from this, i.e. which 
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completely compensates losses occurring during the operation at constant motor speed, so 
that no reduction of the motor speed due to losses occurs. 

[0013] In a preferred further development of the present invention, the drive mechanism 
is operated at four different motor speeds for determining the compensation current, 
respectively two of which have the same value, but opposite signs. 

[0014] If a control device is assigned to the electric motor drive mechanism, by which the 
number of revolutions of the drive motor are controlled, the compensation current 
corresponds to the feedforward current by which the rpm control device compensates 
losses which occur in the course of the operation of the drive mechanism at constant 
motor speed. The operation of an electric motor drive mechanism with speed 
feedforward is known, reference is made to a Heidenhain prospectus for path control 
iTNC 530 (May 2002) in connection with this. 

[0015] Thus, in a controlled drive system only those values are required for determining 
the mass moment of inertia which are required anyway for controlling the drive 
mechanism. Thus, no additional values which would have to be determined especially for 
determining the mass moment of inertia are required. 

[0016] For determining the acceleration current, the drive mechanism is preferably 
operated at two different motor accelerations, each of which is constant for a 
predetermined length of time and carries the opposite sign. In this case the acceleration 
current is that current which alone is required for motor acceleration, i.e. the difference 
between the total current required in the operation of the electric motor drive mechanism 
(total torque current) and the current needed for compensating losses (compensation 
current or feedforward current). 
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[0017] For calculating the mass moment of inertia from the acceleration current, the 
motor acceleration is represented, on the one hand, as a function of the acceleration 
current and, on the other hand, as a function of the mass moment of inertia, and these two 
formulations are treated as being equivalent of the motor acceleration. The corresponding 
equation can then be resolved for the mass moment of inertia, so that the result is an 
equation for the mass moment of inertia as a function of the previously measured 
acceleration current. 

[0018] For representing the motor acceleration as a function of the acceleration current, it 
is possible in case of a controlled electric motor drive mechanism to employ the so-called 
acceleration feedforward, which provides the ratio between the acceleration current and 
the motor acceleration, in particular the angular acceleration, as a constant parameter. 
Thus, the acceleration feedforward is a measure for the amount of acceleration current 
required for achieving a defined motor acceleration. As described above, this quantity 
can be determined when the compensation current is known, i.e. those portions of the 
total torque current which are required for compensating losses at constant motor 
acceleration. 

[0019] For representing the motor acceleration as a function of the mass moment of 
inertia the physical law is used, in accordance with which the acceleration is equal to the 
quotient of the effective drive moment (for example the torque) and the moment of inertia 
of the drive mechanism. In this case the electrical drive torque in turn can be represented 
as the product of the acceleration current and a motor constant which, in case of a rotating 
drive motor, is called torque constant. From this results the representation of the motor 
acceleration as a function of the mass moment of inertia. 
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[0020] When the mass moment of inertia of the drive system as a whole has been 
determined, it is possible to calculate the mass moment of inertia of the load by 
subtracting the (known, constant) mass moment of inertia of the motor from the mass 
moment of inertia of the drive system. This in turn allows the calculation of the quotient 
of the mass moment of inertia of the motor and the mass moment of inertia of the load. 
This quotient is then displayed by an output device, for example visually (by a screen, a 
printer, or the like), or acoustically, so that the quotient is directly available and a check 
can be made whether, as an important characteristic, it lies within a defined advantageous 
value range. 

[0021] The method is not only suitable for electric motor drives of machines which have 
a rotor, but also for drive mechanisms with a linear motor and so-called direct drives. 
Further characteristics and advantages of the present invention will become apparent in 
the course of the following description of an exemplary embodiment by the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a schematic representation in the form of a flow chart of an embodiment 
of a method for determining the mass moment of inertia of an electric motor drive system 
in accordance with the present invention; 

[0023] Fig. 2 is a representation of a possible current occurring in the course of operating 
a machine tool pursuant to the method of Fig. 1; and 

[0024] Fig. 3 is a representation in accordance with Fig. 2, wherein the acceleration 
current is additionally represented which causes the motor acceleration following the 
compensation of losses pursuant to the method of Fig. 1. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] The following description of an exemplary embodiment of the method of the 
present invention by Figs. 1 to 3 is based on an electric motor drive system for a machine 
tool, including a drive motor, as well as components connected downstream of the drive 
motor, such as, for example, a clutch, a ballscrew, gear elements and a table of the 
machine tool which is to be translationally moved. By determining the resultant mass 
moment of inertia of this drive system, it is possible to determine the quotient of the mass 
moment of inertia of the motor and the mass moment of inertia of the load. The mass 
moment of inertia of the motor is a constant which is known for the respective type of 
motor and is usually disclosed by the manufacturer. The mass moment of inertia of the 
load results from subtracting the mass moment of inertia of the motor from the mass 
moment of inertia of the drive system as a whole. This in turn makes possible the 
determination of the quotient of the mass moment of inertia of the motor and the mass 
moment of inertia of the load. 

[0026] In accordance with the first two steps 1, 2 in the flow chart in Fig. 1, the drive 
motor is initially accelerated to a first constant speed vi, and is operated at this speed for a 
predetermined length of time, and is subsequently braked and accelerated to the opposite 
identical speed -vi and again operated at this speed for a predetermined length of time. 
Thereafter, the drive mechanism is accelerated to a lower speed v 2 and is again operated 
at this speed for a predetermined length of time, is braked thereafter, then accelerated to 
the opposite identical speed -v 2 and again operated at this speed for a predetermined 
length of time. 

[0027] The speeds vi, -vi represent the typical operating forward feed of the respective 
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machine tool, which is operated for a defined length of time at this forward feed. The 
opposite speeds vi, -Vi respectively correspond to a forward feed at the same speed, but in 
the opposite direction. 

[0028] The motor speed v of the drive mechanism is represented in Fig. 2 as a function of 
the time t. Four areas of different constant velocity vi, -vi, v 2 and -v 2 , which correspond 
to the above explained motor speeds, can be seen in particular. Furthermore, the total 
torque current I M , which is required for attaining the four different constant motor speeds 
vi, -vi, v 2 , as well as -v 2 , as well as maintaining them at a constant level for a defined 
length of time, is represented as a function of the time in Fig. 2. Acceleration portions are 
contained in the resulting torque current I M , as well as such portions of the current which 
cause an acceleration for changing the motor speed, as well as loss portions necessary for 
compensation friction losses, as well as further rpm-dependent losses, such as losses due 
to magnetic reversal. This becomes clear in that in accordance with Fig. 2 even when 
operating the drive mechanism at a constant speed vi, - v l5 v 2 or -v 2 , the resulting torque 
current of the drive motor is not equal to zero. Thus, a defined amount of current 
(compensation current) is required in order to maintain a constant motor speed by 
compensating losses, and therefore a constant forward feed of the machine tool. 
[0029] The losses occurring in the course of operating the drive motor at a constant 
speed, as well as the current required for compensating these losses, can be determined in 
the next method step 3 in that the so-called integral current is evaluated during the 
constant operation phases of the drive motor, or of the machine tool, i.e. during those 
phases in which the motor speed, or the forward feed of the machine tool, are respectively 
constant. The integral current is the total torque current reduced by the proportional 
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amount of the current (noise). This allows the setting 4 of a feedforward current, which 
compensates the friction losses and other rpm-dependent losses appearing during constant 
motor speed. 

[0030] In the course of the further testing operation, the machine tool is again operated 
sequentially at the four different motor speeds mentioned above (vi, -Vi, as well as v 2 , -v 2 ) 
during the subsequent steps 5, 6 of the method in accordance with the present invention. 
In connection with this testing operation, the motor speed v, the resulting torque current 
I M , as well as additionally the acceleration current I B , are again represented in Fig. 3. It 
can be seen that the acceleration current I B equals zero every time the speed v is constant. 
Therefore the acceleration current I B only contains those portions of the current required 
for accelerating the drive mechanism. The compensation of losses takes place by a speed 
feedforward, which can be set by the control device of the drive mechanism. 
[0031] During the second testing operation the electric motor drive mechanism is 
operated by the assigned control device in such a way that the acceleration is constant in 
the phases in which the motor speed is set to a first value (for example vi), or is changed 
from a first value (vi) to a second value (-vi), i.e. it has (except for the respective starting 
or end phases of the acceleration) a constant value a, or -a. By evaluating the acceleration 
current I B during the phase of constant motor acceleration a, or -a, it is possible to 
determine what acceleration current I B is required for maintaining a defined constant 
motor acceleration a, or -a. 

[0032] In a further method step 7, this now makes possible the determination of the so- 
called acceleration feedforward FF. This is a constant parameter which indicates which 
acceleration current I B must flow during an acceleration phase in order to achieve a 
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defined angular acceleration a of the drive motor. The following applies: FF = 2ir * I&Icl 
This can be resolved for the angular acceleration a, and the following applies: a= 2ir * 
I B /FF. 

[0033] On the other hand, in accordance with physical laws for a rotary movement it is 
also possible to represent the angular acceleration asa = M/J. In this case M is the 
electric torque constant of the drive motor, for which M = k T * Ib applies. Here, k T is the 
torque constant of the drive motor, which usually is indicated by the manufacturer of the 
motor. If this is not the case, the torque constant k T can be easily calculated, which will 
be explained further below. Thus, a = kj * Ib/J results as the second equation for the 
angular acceleration. 

[0034] By equating the two above equations for the angular acceleration, the following 
results: k T /J = 27T/FF. This equation can be resolved for the mass moment of inertia J, so 
that 

J = k T * FF/2tt. 

[0035] In this way the mass moment of inertia J is represented as a function of the torque 
constant k T of the drive motor, which is determined by its construction and the selection 
of the material of the motor and as a rule is disclosed by the manufacturer, as well as a 
function of the acceleration feedforward FF, which had been determined in the previous 
method steps 1 to 6. 

[0036] Following the determination of the mass moment of inertia J of the drive system 
of the machine tool at 8, it is now possible in a simple manner to calculate the quotient of 
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the mass moment of inertia of the motor and the mass moment of inertia of the load. The 
fact, that the total mass moment of inertia of a drive system is additively composed of the 
mass moment of inertia of the drive motor J M in the strict sense and the mass moment of 
inertia J L of the load J L , is used for this. The mass moment of inertia of the load J L in turn 
results from the values which stem from the clutch, ballscrew, drive elements, as well as a 
translationally movable table of the machine tool, for example. Accordingly, J L = J - Jm, 
wherein the mass moment of inertia of the motor J M is known as a rule. If necessary, this 
mass moment of inertia of the motor J M can be determined in the same way as the mass 
moment of inertia of the drive system as a whole, in that the above described test 
operations of the drive motor are performed without a load, i.e. for its rotor, and are 
evaluated in the same way as described above. 

[0037] For a rotating drive motor the mass moment of inertia is equal to the mass 
moment of inertia of the rotor. 

[0038] Following the determination of the mass moment of inertia of the load from the 
previously determined total mass moment of inertia J and the mass moment of inertia of 
the motor J M at 9, the required quotient Jm/Jl of the mass moment of inertia of the motor 
and the mass moment of inertia of the load results in the last step 10. 
[0039] In the same way the maximum acceleration a^x of the motor is determined from 
the maximum current Imax, which is present anyway as a numerical value in the machine 
control. Then the required quotient, together with the mass moment of inertia J of the 
drive system and the maximum acceleration a^x of the motor is displayed to a user 
directly on a monitor. Thus, the user can read out the quotient Jm/Jl of the mass moment 
of inertia of the motor and the mass moment of inertia of the load directly and without 
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elaborate (manually performed) calculations of his own, wherein no input data are 
requested from the user which would not otherwise be required for operating the control 
of the drive system. 

[0040] As indicated above, the torque constant k T of the respective drive motor had been 
used for calculating the resulting mass moment of inertia J from the acceleration current, 
or the acceleration feedforward. If it should not have been indicated by the manufacturer, 
it can be calculated from the stationary torque M 0 and the stationary current Io of the drive 
motor: k T = Mo/Io- 

[0041] If the stationary torque should also be unknown, the torque constant can be 
calculated by equating the electrical motor output and the mechanical motor output. The 
following applies for the electrical motor output of a three-phase current motor in the 
equivalent current star diagram: P e i = 3 * U * I, with U = n * U c , wherein U c is the rpm- 
dependent voltage constant, and n is the number of revolutions of the drive motor. 

Pmech = M * 0 , with M = k T * J and O = 2tt * n, applies for the mechanical motor 
output. 

[0042] By equating the electrical and mechanical motor output, the following therefore 
results: 3*n*U c *I = 27r*k T *n*L From this follows that k T = 3 * U c /27r, wherein U c 
= Uo/V3 * n Po i/F n . Here, Uo (idling voltage of the drive motor, corresponding to the 
effective voltage between the phases), n Po i (number of pole pairs of the drive motor), as 
well as F n (nominal frequency) are each constant parameters. 

[0043] As the result, the method in accordance with the present invention makes possible 
a direct analytical determination of the ratio of the mass moment of inertia of the motor 
and the mass moment of inertia of the load of a drive system of a machine tool. 
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[0044] This quotient is an important aid in the evaluation of the machine axis of a 
machine tool by an (external) adjusting tool. Further than that, it can be used for an 
adaptive updating of the control parameters of a control device of the drive system, as 
well as for feedforward. If, for example, it is discovered in the course of operating a 
machine tool that the torque current required for setting a defined acceleration changes 
during the acceleration phase, a re-determination of the acceleration feedforward, as well 
as of the total mass moment of inertia is performed in accordance with the above 
described method. The control factors are then also changed (in particular proportionally) 
in accordance with the change in the mass moment of inertia. The dynamics of the drive 
system are kept constant by this. 

[0045] Further exemplary embodiments exist within the scope of the present invention 
besides the described examples. 



